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THE RECOVERY OF THE VIRUS OF POLIOMYELITIS
FROM EXTRA-NEURAL SOURCES IN MAN, WITH
A SURVEY OF THE LITERATURE*
ALFRED J. VIGNEC, JOHN R. PAUL, AND JAMES D. TRASK
Many attempts have been made to recover the virus of polio-
myelitis from extra-neural sources in human beings, but notwith-
standing repeated efforts positive results have been extremely few
and consistent results have never been obtained. The importance
of finding means to achieve this consistency in positive results is
obvious, for when this objective is attained a better understanding
of the mode of spread of the disease may be possible. Among the
many important problems connected with this type of work, three
of the most fundamental still remain unsolved. These are, briefly:
(1) The type of case most suitable for isolating the virus; (2) the
simplest, and most successful, method in preparing the material
obtained for inoculation; (3) the most favorable extra-neural source
of virus-nasopharyngeal, intestinal, etc. With these problems in
mind, it was thought advisable to review our own series of attempts
to recover the virus, which includes published and unpublished
experiments and, at the same time, to make as extensive a study
as possible of the literature which pertains to these factors.
The hitherto unpublished attempts by two of us (J. R. P. and
J. D. T.) consist of work done during the fall of 1932 and the
summer and fall of 1935. For purposes of comparison, we will
also consider briefly the results of the fall of 1937, which have
already been published elsewhere.32 These three series of experi-
ments, presently to be discussed, illustrate two approaches to the
problem. The 1935 series was conducted solely on hospitalized
cases with definite evidences of meningitic or myelitic involvement.
In 1932 and 1937, field observations were made in the course of
which not only dinical material was employed, but an attempt was
also made to study the numerous obscure cases of minor illnesses
which are so prevalent during epidemics. For this latter type of
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approach we have used the term Clinical Epidemiology. Despite
the relatively small number of cases, we felt that the case material
and the methods employed varied sufficiently to enable us to reach
some condusions of value for future work of this character.
The material obtained was secured from various types of cases
of poliomyelitis and suspected poliomyelitis. It might be well to.
describe the clinical diagnostic criteria which we employed, bearing
in mind that these are not permanently fixed but are subject to
change as our knowledge of the disease expands. The diagnosis
of poliomyelitis is, in the majority of instances, by no means simple.
The relatively small number of paralytic cases present no particular
difficulties, but in the greater number of instances paralysis may
not be present, and in an even larger number of cases the clinical
picture may be of such short duration and present such few physical
findings that it makes a definite diagnosis almost an impossi-
bility.2' 9, 15, 20, 22, 27, 29 It is essential, we feel, that due consideration
be given to the two highly important epidemiological factors of the
disease. These are that: (1) cases occur during the season (usually
the summer and early fall) when poliomyelitis is known to be preva-
lent, and (2) they usually occur in epidemic form. When these
conditions are present simultaneously the cases may be divided into
two groups. In the first group are those which must be diagnosed
poliomyelitis. They indude cases with or without residual paral-
ysis, but with definite evidences, both by physical and laboratory
findings, of central nervous system invasion. Also induded in this
group are those few cases which present dinical evidences of only
a minor disorder but from which the virus is recovered in the course
of the acute febrile phase. It must be dearly understood, however,
that this indusion is only possible after the virus has been recovered.
In a second group we may place the suspected cases of poliomyelitis,
the dinical picture of which has been adequately described,8' 8,22. 88
in which evidence of central nervous system invasion is not condu-
sively established and from which the virus is not recovered.
Unfortunately, a wide range of clinical terminology has been
employed for this type of case, but in general such cases have been
called "suspected abortives." In this article, as we have indicated
above, we use the term "suspected poliomyelitis." We realize that
in this latter group there may be cases which are not poliomyelitis
at all. Notwithstanding, it has been our impression that these cases
are more liable to yield the virus than are the more definite cases.
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Methods and Results
In all the experiments to be discussed Macacus rhesus monkeys,
from 2 to 3 kilograms in weight, were used. All inoculations
were done under ether or nembutal anesthesia. The inoculated
animals were observed daily and daily temperature records were
taken over a period of 4 weeks. Our criteria for positive results
were those which seem to have been currently accepted by many
workers in this field, namely, that: (1) the inoculum produced
typical experimental poliomyelitis in the monkey; (2) lesions typical
of poliomyelitis were found in the lumbar as well as the cervical
cord; and (3) the strain was maintained for at least two generations
in the experimental animals. Criteria for a negative result were
that the animal did not die during a period of 4 weeks from the
last inoculations, and that the 3 criteria were not fulfilled.
From the very onset the principle which we have followed has
been to obtain material from human cases early in the disease and,
ifpossible, notto subject this material to filtration. In both respects
we wereguided by the experience which Blake and Trask had previ-
ously had in isolating the virus of measles from clinical cases.'
Manylate cases, however, are included in ourvarious series oftested
cases. Since 1931, two of us (J. R. P. and J. D. T.), either alone
or with collaborators, have attempted to recover the virus of polio-
myelitis from approximately 77 cases, 41 of which were early and
36 late cases. In one series of experiments filtration was used and
the virus successfully isolated in a single instance from the filtrate.23
The first series of previously unpublished cases to be listed in
this report represents material obtained in the late summer and early
fall of 1932 in and around Philadelphia, Pennsylvania, and Camden,
New Jersey. In this year poliomyelitis reached epidemic propor-
tions in these communities, although at the time this work was
done the epidemic had begun to wane. Ten cases were successfully
studied, only 2 of which could be reasonably diagnosed as polio-
myelitis and 8 ofwhich were suspected cases. Details of these cases
are presented in Table I. (See pages 24 and 25.)
The methods used in securing and preparing the material were
essentially the same as those which had been successful in two
instances the year before, a full account of which appears in another
publication.22 In brief, the patient was told to gargle with 25 to
50 cc. of sterile distilled water or sterile tap water; if he was unable
to do this the water was gently washed through the nasopharynx
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with a syringe equipped with a soft rubber nasal tip. The washings
were then transferred to a flask containing glass beads, 10 per cent
of anesthetic ether was added, and the flask was shaken for 10
minutes. To the etherized washings 0.5 per cent phenol was added
and the material allowed to stand for Y2 hour. In some instances
the use of 10 per cent ether was dispensed with and phenol alone
was used. The colonic washings were secured after an enema of
tap water had been given, and were thereafter treated in the same
manner as the nasal washings. In every experiment in this series,
a reinoculation of the original material was performed 6 or 7 days
after the initial inoculation.
In the fall of 1935, the material from dinical cases was secured
from patients hospitalized in the New Haven Hospital. The inci-
dence of poliomyelitis in New Haven during that year was high,
although the incidence of residual paralysis was low. Table II
(pp. 26 and 27) reveals that all of the cases tested had definite evi-
dence of meningitic or myelitic involvement. The method of secur-
ingthe material was essentially the same as in theprevious series, but
the subsequent handling of the material was quite different. It will
be noticed in thetable that in most instances the material secured was
pooled. After collecting the washings, they were centrifuged at
about 1600 r.p.m. in the horizontal centrifuge for from 10 to 20
minutes. The supernatant fluid was then removed and discarded,
and the sediment, consisting of small flakes of muco-purulent exu-
date, cells, and bacteria was transferred to a sterile solution of 50 per
cent glycerin. This mixture was then placed in the refrigerator for
a variable period of time, at least 7 days, and just before using
was washed once in 10 to 15 cc. of sterile distilled water. The
washed sediment was inoculated intracerebrally and the remaining
supernatant fluid was usually inoculated intraperitoneally. This
method had previously been successful in one instance.23 Attention
should be called to the fact that in the first experiment the disease
was apparently reproduced, but efforts to maintain the strain were
unsuccessful. In this series also, a single attempt was made to
concentrate the material for inoculation by subjecting the washings
to freezing and evaporation in the apparatus described by Flosdorf
and Mudd,7-a method which received a more extensive test in the
1937 group of cases and which has been modified by one of us
(J. R. P.).21
The positive results of the experiments performed in 1937 have
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already been dealt with in another publication;32 Table III (pp. 28
and 29) gives in detail, however, our negative results along with
our positive ones. The nasopharyngeal washings were obtained in
the usual manner, but in no instance was more than 25 cc. of sterile
distilled water used inirrigating thenasopharynx. The material was
collected, during the irrigation, in a sterile emesis basin and immedi-
ately transferred to a flask containing glass beads; to this was added
10 per cent of etherbyvolume. Themixturewasthoroughlyshaken
for from 15 to 20 minutes, firmly sealed with a rubber stopper, and
placed in the refrigerator. Cultures on blood-agar plates were
made before and after etherization. The following day the
material was either used without further treatment or the additional
step of freezing and concentrating in vacuo was employed. This
technic, already referred to,21 permitted a concentration to 1/4 to
1/6 of the initial volume.*
Stool specimens were secured in sterile pint glass fruit-jars.
These were immediately brought to the laboratory and the spea-
mens were thoroughly emulsified in 100 to 150 cc. ofsterile distilled
water, and placed in the refrigerator for 4 or 5 hours for sedi-
mentation. The supernatant fluid was then pipetted off into a
sterile flask containing glass beads and to this material was added
15 per cent of ether by volume. The mixture was well shaken,
firmly stoppered, and replaced in the refrigerator over night.
Blood-agar plates and Endo plates were cultured before and after
etherization. The following morning the material was centrifuged
in a horizontal centrifuge at 1600 r.p.m. for 1 hour. Avoiding the
ether layer, the middle layer of fluid was carefully pipetted off and
either frozen and concentrated in vacuo or used immediately without
further treatment.
Discussion
In analyzing the above material it is fairly obvious that the
positive results are too few in number to permit us to draw many
conclusions in respect to preference of the methods employed in
the actual preparation of the inoculum. Considering only the data
presented here, however, we would be inclined to place some weight
* In previous years we had often tried to concentrate material with vacuum
distillation, usually at 37°. This procedure was abandoned because, in spite of
the presence of a bactericidal agent, the concentration of the material at this warm
temperature enhanced the opportunities for bacterial growth in the concentrate.
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upon the technic of concentration by freezing and evaporation, since
4 of our 6 positive results were secured with this method. On the
other hand, our experience with the stability of the virus in stools82
and in nasopharyngeal washings,* lead us to believe that other
factors play a more important part than does the actual preparation
of the inoculum. Chief among these are the type of case selected,
the day of the disease on which the material is collected, and the
source of the material utilized.
On inspecting the material presented in Tables I, II, and III
we find that 43 satisfactory experiments were conducted on material
secured from 38 patients with a total of 6 positive results. Further-
more, all of the positive results were secured on patients who were
suspected cases, or the type of case in which the diagnosis was not
definitely established clinically. Four of these positive results were
obtained in the first 3 days of the disease.
A review of the literature reveals that the virus has
been conclusively recovered only 19 times from the living
patient.4' 10, 13, 16, 18, 19, 28, 28, 82 This considers only those instances
positive in which all of the three experimental criteria, mentioned
earlier in this article, have been fulfilled and it does not indude
those few instances of recoveries from apparently healthy con-
tacts.6' 12, 14 In Table IVa (p. 30) we have attempted to arrange the
available data according to the type of case selected and the results
secured. There are 352 cases listed, including our own hitherto
unpublished results presented here. Of these, only about 14 per
cent were suspected cases. In this small group, nevertheless, as
the table indicates, thevirus was successfully recovered 6 times more
frequently than in the larger group of frank cases. It should be
noted, however, that the time factor plays an important part in this
analysis, since in the suspected case the illness is of short duration,
usually 3 to 4 days. The result is that if these cases are seen at
all they will be seen early, whereas in the definite cases, which
represent an illness of from 1 to 8 days, or possibly more, the
chances are better that they will be seen later. A more detailed
analysis of the material used in preparing Table IVa reveals that
13 of the 19 positive results were secured in the first 5 days of ill-
* In previous work (Paul, Trask, and Webster23) we found that virus could be
demonstrated in a few tiny flakes (volume less than 0.1 cc.) which represented
glycerinized sediment from nasopharyngeal washings.
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ness.13 18, 22, 23, 31, 82 This fact indeed emphasizes the importance
of testing cases early in the disease.*
In surveying the literature for further information on the opti-
mum time for the collection of material, as well as on the source
of the material to be selected, we very shortly ran into difficulties,
largely because of the indefiniteness of many early experiments as
to whether or not the virus was actually isolated from a human
source. We felt, however, that it would be of some interest to
arrange the data, allowing considerable latitude in the interpreta-
tion of the results. Table IVb (p. 31), therefore, was constructed
more for comparative purposes than for absolute value. Here, con-
sidering solely the results obtained from the upper respiratory tract,
we find that evidence of the presence of the virus was secured twice
as frequently in the first 5 days of the disease as later in the disease.
The importance of the time element in the collection of the material
from the gastro-intestinal tract is not so striking, although, as
Table IVb demonstrates, 31 per cent of the attempts were positive
in the early period and 18.9 per cent later. Even with these debat-
able data there is evidence to indicate that the optimum time for
the collection of material is early in the disease.
A comparison has also been drawn in Table IVb between the
relative merits of the upper respiratory tract and the gastro-intestinal
tract as sources for the recovery of the virus. The result of this
comparison shows that there was evidence of the presence of the
virus twice as often in gastro-intestinal secretions as in the upper
respiratory secretions.
The significance of this last finding was such that we re-analyzed
the data on a more critical basis. This time, as criteria for a positive
result, we required that the inoculum used produced not only the
dinical experimental disease in monkeys, but that the pathological
reports definitely indicated the presence ofperivascular cellular infil-
tration in the spinal cords of the affected animals. The third
*In this connection Sabin and Olitsky25 have recently found in experimental
work that after nasal instillation, in large amounts, of a well-established strain of
virus, the virus disappeared from the nasal mucosa of the monkey in 4 hours. At
72 hours, just before or coincident with the rise in temperature, it could again be
found in very small amounts in the nasal mucosa. At 96 hours (at least 3 days
before the appearance of neurological signs) and later none was detected in the
nasal mucosa.
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criterion,* namely, passage in at least two generations of monkeys,
was not insisted upon, for until recently, this criterion had frequently
not even been attempted.5'
, We find, then, that the percentage of
recoveries from upper respiratory tract material is 9.8 per cent and
from gastro-intestinal tract material 18.8 per cent. The apparent
superiority of the latter type of material is still evident and, inter-
estingly enough, in almost exactly the same relative proportions as
recorded in Table IVb.
Summary
The data at hand are not sufficient to enable us to arrive at any
definite decisions in regard to the methods of preparing material for
inoculation, since no single method has demonstrated any dear-cut
superiority. Evidence is presented, however, which suggests that
at least three known factors are of importance in attempting to
recover the virus of poliomyelitis from extra-neural sources in man.
These are: (1) the time at which material is collected, the first few
days ofillness beingthe optimum time; (2) the type of case selected
for study, the suspected cases of short duration being more fruitful
sources of virus than are the definite cases which are of longer
duration-here again this difference may depend upon a time
element; (3) the source of the material utilized, in that the gastro-
intestinal secretions may yield the virus more easily than do naso--
pharyngeal washings.
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TABix I.
CLINICAL EPIDEMIOLOGY: FALL OF 1932
Case Age Da of Stoms & Family History
No. Patiet Yrs. Type of Case Diseas Temp. Signs or Exposure
1 J. F 4 Suspected 2 101. Restless Mother-cold
Maid--cold
Hyperesthesia Brother-cold
2 C.G. 2 .. 10 .... Restless
Diarrhea
3 B. G. 3 . 2 99. Vomiting .... d . .. 7 98.6 Spine sign + Sisters
4 D. G. 6% . 7 100.6 Neck pain
Diarrhea
S . C. 6 Non-paral. 6 100.6 Headache
Vomiting 3 other siblings
with fever and
44 4... 44 44 o4 o4 44 44 .. t diarrhea
6 A. Dig. 5 Suspected 1 102. Sore throat Mother-sore Otitus throat
7 F. P. 15 i 3 98.6 Aches and
pains
8 A. B. 3 Non-paral. 4 .... Vomiting Sister-vomiting
___ Spine sign + _______
9 R. H. 2 Suspected 2 102. Headache
Spine sign + Sister and
- . ___________ ~~~~~~~~Brother
10 E. H. 4 .. 2 99. .. ..
* Reinoculation (i.c., intracerebrally. i.p., intraperitoneally) done 6-7 days later in all experiments.
* Not done.
* Naso.pharyngesl washings.25 EXTRA-NEURAL SOURCES OF POLIOMYELITIS VIRUS
TABLE I. (Cont'd)
CLINICAL EPIDEMIOLOGY: FALL OF 1932
Method of Preari..g hsoculum Ar1. Inocl.*
Cae C.S.F. No. of No. of
No. Cells Matcrid Bactericidal Expers MA.key L/cc. iWcc. Ralts
1 .... N.P.W.*** 10o Ether 1 B-2 1 S .5% Phenol
2 N.D.** .. 10% Ether 2 B-2 1 4 .5% Phenol
3 N.D. ".. .5% Phenol 3 B-17 1 8 _ N.D. ... 10% Ether .5% Phenol 4 B-33 1 10
4 N.D.
-o .5% Phenol S B-27 1 7
S 28 of... 10% Ether 6 B-4 1 5 .5% Phenol
.. of Colonicwah 10% Ether 7 B-3 1 5
.5% Phenol
6 3 N.P.W. .5% Phenol 8 B-S 1 10 -
7 N.D. .. .
de " of 9 B-ll 1 6
8 22 de. " . .. .. 10 B-13 1 6
9 N.D. Colonic wash
of .. 11 B-35 1 20_
10 2 N.P.W. ..
is 12 B-41 1 3026 YALE JOURNAL OF BIOLOGY AND MEDICINE
TABLE II.
CASE STUDY: FALL OF 1935
Case Age Day of Symptoms & Famsly Hi'story Cells in
No. Pa Yrs. Type of Case Disease Temp. Signs or RxPosure C. S. F.
e 1 F. P. 2 Non-paralyt. 6 100.4 Weakness of legs 82
o 2 D. DeF. 53a Paralyt. 6 103.3 Headache - 200
Sore throat
3 J. C. 15 Non-paralyt. 5 102.6 Headache 97
Pharyngitis-
Spine sign +
4 R. F. 5 Non-paralyt. 4 101.1 Vomiting - 119
V ~~~~~~~~~~~~~Tremior
P 5 P. L. 11 Paralyt. 5 100. Headache Brother-G. I.** 78
Spine sign + upset
e 6 R.T. 8 Non-paralyt. 15 101.8 Vomiting Sister of 323
V Headache Case.
X 7 A. T. 9 12 101.1 Headache Brother of 155
Spine sign + C2ase 6
8 R. B. 12 6 101.1 Headache Sister of 108
Case 9
9 9 M. B. 8 7 101.8 Headache*** Brother of 222
Sore throat Case 8
10 K. W. 7 Paralyt. 4 100. Sore throat - 378
11 F. S. 19 Non-paralyt. 5 99.8 Headache 35
.3 12 N. M. 4^ 2 101.8 Headache - 36
X 13 I.1H. 11 2 102. Spine sign + 276
14 J.O'L 4 .. . 101.8 Nausea _ 62
*Reinoculation (i.c., intracerebrally; i.n., intranasally; i.o., intraocularly; i.p., intraperitoneally) done
on all animals 6-7 days later.
G Castro-intestinal upset.
*** Exudate in throat.
* Flosdorf-Mudd apparatus used for freezing and drying in vacuo.EXTRA-NEURAL SOURCES OF POLIOMYELITIS VIRUS 27
TABLE II. (Coned)
CASE STUDY: FALL OF 1935
No. days inter-.
val between Amount Inoculated Results
Case No. of No. of collection and Passage
No. Materrial Exper. Monkey inoculation I.C. I.N. I.O. I4.t* Inc. Paral. AutoPsy Results
1 N.P.W.
2 "" 1 D-3 7 1 1 1 9 5D + +
3 2 D-7 27 1 1 1 2 - - -
4 " "
3 D-8 27 1 1 1 1.5 - -
6 `""
4 D-9 15 1 1 1 1.5 - _
7
8 "e-. i"v
5 D-10 27 1 1 1 .5- - _
9""
10 .. ..
49 6 D-12 1S 1 1 - _ _
11 ._I.
12 , .. "a
7 D-7 64 1 9 - - _
13 do
14__ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _28 YALE JOURNAL OF BIOLOGY AND MEDICINE
TABLE 11I.
CLINICAL EPIDEMIOLOGY: FALL OF 1937
Case Age Day of Symptoms & Family History Cells i
No. Paties Yrs. TypeofCse Disease Temp. Signs or Exposure C.S.P.
1 G.A.S. 12 Suspected 3 100. Headache | N.D.
2 G.S. 18 Non-paralyt. 9 99. Vomiting _ 358
______ ______Spine sign + __
3 J.D. 5 Paralyt 4 100.4 Vomiting _ 182
._________ |____ Spine sign +
4 J.W. 7 Suspected 1 1011. Drowsy Brother abortive? N.D.
Spine sign + Mother "cold"
*5 W.C. 8 . 3 99.4 Vomiting Mother "cold" N.D.
Spine sign + Sister D. C. Brother C. C.
W.C.
so 98 .... Well .. N.D.
*6 D.C. 3 . 2 102. Irritable See under W. C. N.D.
D.C.
log 97 .... Well N.D.
*7 C.C. 4% ,1 101.6 Vomiting See under W. C. N.D.
C-C.
It de of id N.D.
C.C.
de 97 .... Well N.D.
*8 T.S.BL 5 Paralyt. 9 100. Headache -Father "cold" 168
Spine sign + Brother-D. S.K.
soIS
o 13 100. __de
*9 D.S.K. 1,% Suspected 2 101. Apathy See under T.S.K. N.D.
14 .... Spinesign +
d
Well
.. 25 de42 .. .. ... 64 ..
ft " 64
10 S.R. 7 Paralyt. 6 101.1 "Cold" Mother "cold" 136
Headache 2 Brothers "cold"
11 J.G. 6 Non-paralyt. 8 100. Sore throat Sister "cold" 122
Headache
12 A.A. S Paralyt. 5 100. Headache, 88
Abdominal pain ___m___
13 R.S. 5 mos n 8 103. Vomiting 68
Stiff neck
14 S.M. 13 . 16 102. H7peresthesia 150o
Right arm and
hack
of de St~~6 6 ~
N.D. = Not done.
* Reported in detail.
** On three successive days.EXTRA-NEURAL SOURCES OF POLIOMYELITIS VIRUS 29
TABLE III. (Cone'd)
CLINICAL EPIDEMIOLOGY: FALL OF 1937
Methods of Preparing Inocul. Amt. Inocul. Results Pa~ssages
case Coucen. Nro. of No. o Iscub. No. Of
No. Material Bactersc. tration Exjp. M k i-c.fc.c. 4/1c.c. Period Puraly. Autopsy Monk. Result
1 N. P.W. 10%Ether ... 1 803 2 6 .... - -
2
SC
"
d d so
. 2 805 2 6 .... --
3 to .... 3 804 2 6 .... -
" 4"" ... 4 811 2 12 13D ++++ + 935 Pon.
*5
of do of F.M 5 818 1.7..
Stool I5%"o .... 6 905 30 .... --
06 N. P.W. 10% " F.M 7 819 1. 8D ++ + 828 Poo.
stool 15%" .. 8 908 30 ..
*7 N. P.W. 10% " F.M 9 821 2 4 lOD ++++ + 855 Poo.
Blood F.M 10 820 1.7 4 .. --
stool 15%" .. 11 904 30 ..
.8 N. P.W. 10% " F.M 12 838 2 .... - -
Stool 15% " .... 13 890 10 .... --
*9 stool " F.M 14 833 1 5 7D ++ + 848 Poe.
"" F.M 15 849 1 5 6D ++++ + 896 Poe.
" " .... ~~16 869 30 lOD ++ + 883 Poe.
" " .... ~~17 882 10 ..
" " .... ~~18 885 16 K.
" FM 19 884 16 .... --
10 N. P.W. 10% " F.M 20 842 1.75 .... --
11 Stool 15% ' .. 21 854 10** .... --
12 " " " .... 22 847 10** .... --
13 " " " . .. . 23 857 lo** .. -
14 Colonic ". . .. 24 900 2 12 .... --
ahiF Chamber. .... 25 887 2
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